Extracellular Signal-Regulated Kinase/Nuclear Factor-Erythroid2-like2/Heme Oxygenase-1 Pathway-Mediated Mitophagy Alleviates Traumatic Brain Injury-Induced Intestinal Mucosa Damage and Epithelial Barrier Dysfunction.
Gastrointestinal dysfunction is one of several physiologic complications in patients with traumatic brain injury (TBI). TBI can result in increased intestinal permeability resulting from apoptosis of intestinal epithelial cells, which contain a large number of mitochondria for persisting barrier function. Autophagy of damaged mitochondria (mitophagy) controls the quality of the mitochondria and regulates cellular homeostasis. However, the exact mechanism of mitophagy that underlies the pathological changes induced by TBI is unknown. Here, we report that mitophagy decreases the intestinal epithelial cell damage and apoptosis that are activated in a rat model of controlled cortical impact (CCI). CCI-induced mitophagy is associated with an increase in 3-nitrotyrosine and 4-hydroxynonenal, indicating that oxidative stress may increase in response to mitochondrial disturbance. CCI also results in the expression of the tight junction proteins zonula occludens-1 (ZO-1) and occludin, which may regulate the in vivo intestinal hyperpermeability induced by CCI. Additionally, CCI-induced mitophagy was shown to be mediated by the oxidative stress-related extracellular signal-regulated kinase (ERK)/nuclear factor-erythroid2-like2 (Nrf2)/heme oxygenase-1 (HO-1) signaling pathway, which may serve to reduce the apoptosis induced by oxidative stress. These results suggest that CCI-induced mitophagy serves to diminish apoptosis-mediated intestinal epithelial cell damage and to improve intestinal permeability, via ERK/Nrf2/HO-1 signaling. These findings may be useful in the design of rational approaches for the prevention and treatment of symptoms associated with TBI.